Abstract To bridge the gap between rodent and human studies, the Stroke Therapy Academic Industry Roundtable committee suggests that nonhuman primates (NHPs) be used for preclinical, translational stroke studies. Owing to the fact that vast majority of ischemic strokes are caused by transient or permanent occlusion of a cerebral blood vessel eventually leading to brain infarction, ischemia induced by endovascular methods closely mimics thromboembolic or thrombotic cerebrovascular occlusion in patients. This review will make a thorough summary of transient or permanent occlusions of a cerebral blood vessel in NHPs using endovascular methods. Then, advantages and disadvantages, and potential applications will be analyzed for each kind of models. Additionally, we also make a further analysis based on different kinds of emboli, various occlusion sites, infract size, abnormal hemodynamics, and potential dysfunctions. Experimental models of ischemic stroke in NHPs are valuable tools to analyze specific facets of stroke in patients, especially those induced by endovascular methods.
Introduction
Cerebral stroke is one of the leading causes of death and disability, accounting for almost 9.6% of all deaths worldwide [1] . In the USA, someone has a stroke every 40 s and somebody dies from this disease every 4 min, demonstrating the omnipresence, frequency, and lethality of this disease [2] . Stroke can broadly be divided in to ischemic and hemorrhagic, with diverse clinical and radiographic presentations. Ischemic stroke is a highly complex and heterogeneous disorder, which causes neurological damage and dysfunction due to lack of oxygen delivery to the brain. The final infarct size and the neurological outcome depend on a multitude of factors, including duration and severity of ischemia; the existence of collateral vascular systems; and localization of the infarct, such as the proximal end of intracranial artery (ICA), the main trunk of middle cerebral artery (MCA), and the branch of MCA (M2) [3] . In spite of the pervasiveness of this disease, only tissue plasminogen activator (t-PA) has been approved by the Food and Drug Administration for the acute treatment of ischemic stroke [4] . Therefore, translation from bench research to bedside treatment of patients with ischemic stroke is a necessity for newer and more effective therapies [5, 6] . Proposed recommendations to improve the translation of acute stroke therapies have included evaluation of agents in multiple animal models of stroke, especially in nonhuman primates (NHPs) [7] .
NHPs are unique owing to their phylogenetic proximity to humans, and similar physiological functions and life course (just on a shorter time scale) to humans, which provide an advantage in translational and preclinical biological studies [8] . Similarities in life longevity, age-related disorders, and cognitive abilities between NHPs and humans are inherent advantages for these animal models in translational medical studies [9, 10] . Moreover, similar brain size, anatomy, and compositions have made the use of radiology a strong tool in research with NHPs [9, 10] . In fact, owing to their similarity to humans, many human diseases, including coronary sclerosis, emphysema, degenerative joint diseases, cancer, and diabetes, have been found and reported in the middle-aged and old NHPs [11, 12] . For these reasons, NHPs have been described to be an ideal model for translational research studies for various human diseases. Our review will specifically focus on endovascular ischemic stroke models in NHPs and discuss the use of NHPs in stroke research.
NHP stroke models are mainly produced by 2 methods: endovascular approaches and craniotomy. The open surgical models have advantages such as to lower variability and mortality because of precise blockage of the target vessel [13] . However, the traumatic aspect of invasive surgery might be viewed as a confounding factor because ischemic stroke in humans is not commonly associated with head trauma [14] . Compared with ischemic stroke models achieved by craniotomy in NHPs, ischemia induced by endovascular methods closely mimics thromboembolic or thrombotic cerebrovascular occlusion in patients. However, previous studies adopted various methods to induce focal ischemia in NHPs with variable outcomes. Owing to the shared features of pathophysiological mechanisms of ischemic stroke in NHPs and human patients, we will summarize NHPs models of focal cerebral ischemia developed by endovascular methods, and explore their respective strengths and weaknesses so as to describe the optimum model for translational studies.
Ischemia Models in NHPs
Based on previous studies and reports, an ideal ischemic stroke model in NHPs needs to meet 3 basic criteria: 1) formation of a relatively large infarct size; 2) notable neurologic impairments; and 3) a long-term survival period (at least 7 days) of the animal [13, 15, 16] . Since these models simulate the pathophysiological process of focal ischemia as seen in patients, they provide a unique opportunity for developing potential treatments.
Brains of gyrencephalic primates resemble human brains more closely than lissencephalic species. Thus, for the sake of simplicity, our review will primarily summarize studies using gyrencephalic NHPs, including commonly used Macaca fascicularis (cynomolgus monkey), Macaca mulatta (rhesus monkey) and Papio anubis (baboon) [5] .
Several features of NHPs account for their great benefits in preclinical research. Genetically, Macaca and baboons share 92% of their genome sequence with that of humans, whereas mice and rats share only 66% and 64% of their genome with that of humans, respectively [10] . Anatomically, macaque monkeys and baboons have a gyrencephalic brain with similar cortical and subcortical structure to human brains. Moreover, NHPs also have a much higher percentage of white matter than mice, rat, and rabbits, making it similar to the white matter content in human brains [3, 17] . Further, NHPs have a complete cerebral arterial ring and distributions of the internal carotid and vertebral arteries as those in humans [10, 18] .
Studies have shown that leukocyte composition, wholegenome mRNA, and microRNA expression in leukocytes, as well as inflammatory molecules expressed during stoke, differ in rodents compared with humans [19] . However, unlike rodents, NHPs have a similar immune composition, which responds to ischemic stroke as in humans [6] . Components of vascular hemostasis also share great similarities between NHPs and humans, including platelets, coagulation proteins, and fibrinolytic proteins [15] . Additionally, NHPs also have the ability to perform complex motor planning tasks just as in humans. Lastly, consequences of infarction of cerebral vessels are very similar to those in humans and are predictable, depending on the site of occlusion. For instance, infarction at the main trunk (M1) of the MCA in NHPs causes ischemia primarily in the basal ganglia and white matter, similar to patients with MCA stroke [15] . Moreover, ischemic damage of the white matter is a prognostic factor for stroke outcomes. However, only NHP stroke models are able to mimic white matter pathology in stroke patients most closely to pathology seen in humans and is recognized as an important limitation to rodent ischemic stroke models [20] [21] [22] [23] [24] . Thus, NHP stroke models have numerous intrinsic advantages over rodents, especially owing to their similarity in different fronts of the human anatomy and physiology, making them an irreplaceable and indispensable animal model for studying cerebral ischemia [25] .
Ethical Considerations
While NHPs serve as the closest animal models to humans, the ethical challenges inherent in primate research must be carefully considered when designing a primate stroke model. To begin with, endovascular methods to induce ischemic stroke in NHPs, as a minimally invasive surgery, can eliminate or reduce traumatic pain when invasive surgery or craniotomy are adopted. However, it does not reduce pain, distress, or emotional anxiety due to neurological deficits following the onset of ischemia. Analgesia, environmental enrichment, treatment for antiedema and antibacterial infection, parenteral nutrition, and intensive veterinary care are basic requirements for NHP models [16, 26] . Another critical issue is to calculate the minimal number of animals needed to detect any significant effect of a neuroprotective treatment in NHP models [27] . This can be resolved by the research group by consulting a biostatistician, as well as the Institutional Animal Care and Use Committee. In addition, the Institutional Animal Care and Use Committee should also abide by the recommendations of the Stroke Therapy Academic Industry Roundtable, which states that stroke recovery studies in NHPs may be done with a gyrencephalic species, similar to humans (e.g., macaque monkeys) once sufficient evidence of efficacy has been obtained for a given therapy in rodent models [5, 28, 29] .
Permanent MCA Occlusion
Permanent models of stroke often involve blocking ≥ 1 of the major cerebral arteries or simply leaving an intraluminal embolus in the artery (surgical suture or thrombus) [30] . In NHPs, permanent MCA occlusion is generally developed with emboli that could not be resolved with t-PA treatment, such as cyanoacrylate adhesive, nylon thread, silk sutures, and polystyrene spheres. The experimental paradigms using different materials for permanent occlusion models are summarized in Table 1 [26, [31] [32] [33] [34] [35] .
Early studies used cyanoacrylate adhesive as emboli, which was injected to the distal branch of the MCA. These studies reported a large variation in infarct size (3.38-20.5 ml), suggesting a possibility of migration of the final occlusion site from the original site of injection [26] . Thus, in order to restrict the occlusion site, later studies obstructed the distal M2 section of MCA using silk sutures as the emboli. This approach for permanent MCA occlusion successfully induced a reproducible and appropriate cortical infarction in adult rhesus monkeys [31] . In another study, multiple segments of silk sutures were first injected within the desired M3 branch, followed by a final suture injected into an M1 segment to control for collateral arteries. Such an approach, called endovascular trapping, successfully occluded collateral vessels to the desired vessel of occlusion (M3), leading to production of reproducible ischemia in MCA territory with clinically quantifiable neurologic deficits [32] . Such studies demonstrated the feasibility of producing a precise permanent occlusive model in NHPs with advancements in techniques and materials. Thus, radiographic data from the aforementioned study and those from stroke patients strongly suggest that precise control of occlusion site is an important prerequisite for a successful permanent MCA occlusion model in NHPs [16, 36] .
Common in practice, most researchers chose to occlude the distal M1 or M2 for permanent models in order to preserve the perforating branches of lenticulostriate arteries [26, 31] . Moreover, studies have found that when the M1 trunk is blocked with glue or silk sutures, these models mimic largevessel ischemic stroke with an unfavorable prognosis. However, when a distal M1 or M2 segment is blocked, those models generally have a modest infarct size and do not cause a fatal ischemic stroke in the animal [26, 31] . These discussed permanent models satisfy the 3 criteria for an ideal ischemic stroke model and have been successfully used to generate preclinical and basic science data for investigating promising neuroprotective therapies, novel restorative strategies, and brain plasticity in poststroke recovery [37] .
An alternative approach for developing permanent occlusive models has been the injection of embolic spheres. In a study by Cook et al. [34] , the authors injected polystyrene spheres into the ICA of cynomolgus monkeys to induce focal ischemia. They found that emboli with larger diameter spheres (400 μm) produced severe neurological impairments due to ischemia in the basal ganglia and internal capsule, whereas spheres with a modest diameter (200 μm) only induced a mild and lasting neurologic deficit; spheres with a smaller diameter (100 μm) did not induce any noticeable neurologic deficit, even when used in large quantities [34] . In another study, a lacunar-type stroke model was developed in macaque monkeys by injecting agarose spheres (50 μm in diameter) into the ICA of these monkeys [35] . The discussed sphere-induced models of occlusion did not exhibit obvious neurological impairments. Although the number and volume of infarct site could be determined based on magnetic resonance images, it is not possible to control for the occlusion site and retrieve spheres in these models. However, these models can be used to mimic small embolic strokes that occur in multiple clinical scenarios, such as cardiopulmonary bypass, carotid endarterectomy or stenting, and other endovascular procedures [34] . While permanent MCA occlusion models in NHPs can mimic pathological processes and outcomes in ischemic stroke, they precluded the possibility of t-PA thrombolysis and could not simulate the treatment process in ischemic patients. Thus, to understand the outcomes of treatments in ischemic stroke, transient MCA occlusion models are needed.
Transient MCA Occlusion
Transient MCA occlusion in NHPs is generally induced with a retrievable tool such as a microcatheter, an inflatable balloon, and a microcoil. Ischemia occurs as a result of consequent blockade of blood flow, whereas reperfusion is achieved when the tool is withdrawn. Transient MCA occlusion in NHPs by endovascular methods from various studies are summarized in Table 2 [14, 16, 26, [37] [38] [39] [40] [41] [42] [43] [44] [45] .
It is relatively easy and cost friendly to create focal ischemia in NHPs with a microcatheter. A previous study reported a small infarct size in cynomolgus monkeys using a Prowler-10 microcatheter (0.55 mm outer diameter) to block the distal branch of M1 [37] . The same method was also widely adopted to develop a reversible MCA occlusion model in NHPs [46] . However, the infarct size in this model was relatively small (0.4-3.2 ml, Diffusion Weighted Imaging (DWI) at 3 h) and there was no information about neurologic deficit after the onset of ischemia. To improvise upon this model, another study used a larger microcatheter (Rebar 18 microcatheter) to induce focal ischemia in NHPs. However, infarct sizes were significantly larger than the expected vascular territory and correlated with a significant neurologic deficit when the microcatheter was navigated into the M1 segment of the MCA in rhesus monkeys [16] . Such findings can be explained by the fact that a large microcatheter serves as both an embolus and irritant for the MCA. While it is difficult to induce a homogenous infarct size just by inserting a microcatheter, it is possible to control ischemia and reperfusion as needed, making this method desirable. Thus, in order to resolve the issue of heterogeneous infarct size with this model, a combination of a microcatheter and additional emboli can help control the occlusion site and duration.
Using a microcatheter for transient occlusion confers the advantage of delivering agents to the occlusion site. Thus, this approach makes it easy to evaluate the efficacy and feasibility of local or regional infusion of fibrinolytics, neuroprotective drugs, or ice-cold saline before or after the reperfusion [47] . In fact, studies have suggested that microcatheter delivery may provide more benefits for the analysis of penumbral freezing, prevention of reperfusion injury, and enhanced recanalization efficacy in NHPs models [47] .
Ischemia and reperfusion in NHPs can also be induced by inflation and deflation of a catheter-delivered balloon into a blood vessel. In 2006, Gao et al. [42] developed a novel balloon catheter (0.61 mm outer diameter for microcatheter, 1.1 mm outer diameter for a deflated balloon) to temporarily occlude and reperfuse the MCA by inflation and deflation of the balloon, respectively, in cynomolgus monkeys. The animals in this study exhibited hemiplegia and had a relatively large infarct size (mainly at basal ganglia and cortex) [42] . Along similar lines, another study developed an ischemiaperfusion model to induce a 3-h ischemic stroke using the catheter-based balloon technology discussed above. This group also reported relatively large stroke lesion sizes compared with other ischemic-reperfusion models in NHPs, demonstrating the robustness and reliability of this partial occlusion model [43] . Most importantly, transient ischemic stroke models form large lesion, causing neurological impairment along with a long survival period of the animal, satisfying the 3 key elements required to be an ideal stroke model, as discussed above. Although this model allows us to control the duration of occlusion, one of the main limitations of this model is that it only allows occlusion of the proximal MCA. This is due to the large diameter of the balloon catheter compared with that of the distal segments of MCA. Another microcatheter-based MCA occlusion can be done via the introduction of a microcoil. A microcoil can be precisely positioned by advancing the microcatheter, and it can be repositioned until appropriate complete MCA occlusion is achieved. By introducing the microcoil into the M1, researchers can block blood flow into the blood vessel and can remove the coil to simulate reperfusion of M1. Studies have found that microcoil-induced M1 occlusion caused a large infarct in deep brain structures such as the basal ganglia and internal capsule, as well as the white matter and cortex [38, 45] . In addition, these models caused severe neurological impairments as seen as in stroke patients. In contrast to the neurological and anatomical outcomes with microcoil-induced M1 occlusion, M2 occlusion using the same technique actually caused a smaller infarct size, primarily in the cortex and the Sylvian fissure, and much milder neurological impairment [14] . The microcatheter-derived microcoil deployment method simulated the ischemia-reperfusion process in patients, in which the occlusion site and duration could be precisely controlled. In addition, this model also exhibited increased stability, safety, and reproducibility across various studies. Moreover, this transient ischemic stroke model qualifies as an ideal ischemic stroke model, as it satisfies the 3 required criteria as discussed above.
In all the transient ischemic stroke models discussed above, complete reperfusion is achieved when the retrievable tool is withdrawn in NHPs. However, in an intriguing study, when a balloon was used to induce focal ischemia in baboons, in situ thrombosis in perforating branches was observed [44] . Based on previous reports and our own experience, thrombosis and vasospasm could significantly affect ischemia size and clinical outcomes and thus it is important to keep these factors in mind when developing such models in NHPs [14] . All in all, transient MCA occlusion in NHPs is ideal for studying the effect of promising therapies that require proper reperfusion of the occluded cerebral vessel.
Thrombus MCA Occlusion in NHPs
Thrombi and emboli are the main causes for ischemic stroke in humans, with about 50% due to large-vessel atherosclerosis and 20% caused by cardioembolism [3] . Clot models in NHPs closely mimic the pathogenesis of stroke patients and hold potential for thrombolysis treatment. Thrombus models by endovascular methods are summarized in Table 3 [16, [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] . In order to achieve an ideal ischemic stroke model in NHPs using thrombi, 2 key factors are needed: 1) accurate control of thrombus; and 2) timely recanalization of the vessel.
As reported in rodent models of thromboembolic stroke, the major concern of these models in NHPs is control over the introduced embolus, which may be determined by the site of occlusion and nature of the clot [55] . Such concerns arose when 2 studies reported an experimental thromboembolic model in NHPs in which the clots introduced were not at the injection site but migrated down to a nearby site [48, 49] . In order to selectively block the MCA, 1 study combined neurosurgical and endovascular methods in rhesus monkeys [50] . However, when the clot was delivered under pressure through a microcatheter, the clot was prone to break down owing to its fragile quality, compromising the model [50, 52] . In a recent study, a single fibrin-rich clot was used to induce ischemia in rhesus monkeys, a technique derived from rodent models [16] . Using a single fibrin-rich clot significantly increased the toughness and flexibility of the clot as red blood cells and platelets were washed out during clot preparation [56] . As a result, clots did not break down when they were delivered from the microcatheter to the site of interest. Moreover, there was much better control over these clots with the aid of a microcatheter and were mainly located at M1 or M2 segment [16] . While it is challenging to control exactly the occlusion site using only the endovascular method of delivery, improved thrombus composition, a definite load (clot size), delicate operative skills, and a microcatheter-aided delivery increase the control of clot embolus significantly.
In spite of the omnipresence of ischemic stroke, thrombolysis with t-PA is the only approved treatment for patients with ischemic stroke, with a narrow therapeutic window of 3 to 4.5 h following onset of symptoms [47] . Successful recanalization with t-PA is imperative in both patients and NHPs when the MCA is permanently occluded by a clot [16, 57] . However, only 1 paper reported that intra-arterial reteplase appeared to be effective in achieving recanalization in NHP models of intracranial thrombosis [54] . Unfortunately, small sample size and significant variability within each treatment group hindered statistical analysis in this study. In another study, urokinase was reported to improve neurologic deficits and reduce cerebral infarction in the thromboembolic stroke model of cynomolgus monkey [53] . However, a high dose led to cerebral edema and hemorrhage despite a better neuroprotective effect. Moreover, another paper showed that urokinase reduced infarct volume owing to its thrombolytic effect on in situ thrombosis of perforating branches formed in a reversible eccentric balloon compression (3 h) baboon model [44] . While there are some promising studies favoring the use thrombolytics in NHPs, additional studies are needed to establish an algorithm, similar to the thrombolysis in myocardial infarction algorithm, to evaluate response to the thrombolysis treatment in NHPs and humans. Moreover, future studies are also needed that investigate safe administration of recombinant t-PA and therapeutic effect of recombinant t-PA following acute ischemia in NHPs.
In the past decade, 5 randomized trials showed efficacy of endovascular thrombectomy in patients with acute ischemic stroke caused by occlusion of arteries of the proximal anterior circulation [58] . Thrombus occlusion models in the proximal of MCA or ICA have been established in NHPs but have proven to be fatal without successful recanalization of the blood vessel [16, 52] . Moreover, to date, there are no established NHPs models that simulate endovascular thrombectomy in humans. Thus, research to develop these models is imperative.
The greatest advantage of thromboembolic models is 2-fold: 1) simulation of the pathogenesis of cerebrovascular occlusion and focal ischemia; and 2) the opportunity for recanalization treatment of occluded vessels. On the flip side, these models may not replicate the characteristics of spontaneous thrombus or thrombus superimposed on ruptured atherosclerotic plaque, conferring the data from such models limited.
Infarct Size, Symptoms, and Prognosis
Endovascular techniques appear to have increased variability in stroke size with a higher mortality rate than open vascular occlusions in focal ischemia models of NHPs [5] . Thus, many early studies only reported the infarct size and neurological examination scores in the acute state [5] . However, recent reports have found an association between infarct size and outcomes in NHP stroke models developed using endovascular methods [16, 26, 30, 31] . Studies have previously reported the correlation between functional outcome and infarct size in both rodents and NHPs [13, 59, 60] . As a result, neurological impairments and prognosis in NHPs models are first characterized based on the infarct size, and then further analyzed for the application of behavioral tests in this paper. Studies have shown that when infarct size is < 3.0 ml, NHPs exhibit a mild, short-term functional deficit or abnormal behavior following recovery from anesthesia, according to Spetzler Scores, in transient and permanent MCA occlusion models [26, 34, 37] . These animals mimic patients with minor strokes showing abnormal radiographs but with or without functional deficit. On the contrary, when infarct size is > 15 ml, NHPs exhibit severe neurological impairments in transient, permanent, and thrombus MCA occlusion models, including symptoms of hemiplegia of contralateral limbs, coma or delirium, decreased muscle tone, and salivation [14, 16, 26] . These NHPs simulate clinical features of patients with severe stroke with a poor prognosis. Moreover, when infarct size is between 3.0 and 15.0 ml, the most common symptom observed is contralateral motor weakness in all transient, permanent, and thrombus MCA occlusion models [14, 32, 37, 44] . These animals mimic a majority of stroke survivors having a permanent functional impairment.
Stroke patients generally exhibit sensorimotor impairments and paralysis. In clinical studies of acute ischemic stroke, the modified Rankin Scale is used to assess functional status at 90 days following the stroke event or the index event [59] . The ability to perform motor planning tasks is unique to NHPs and humans, making NHP models extremely important to understand the functional implications of stroke. Behavioral tests for postischemic strokeinduced functional impairments have been reported in NHPs models undergoing craniotomy. These include a sensorimotor battery of tasks and object retrieval detour task [13, 61] . Similar function tests could also be performed in NHP stroke models using endovascular methods when they meet all 3 criteria for an ideal NHP model. Thus, to reiterate, NHPs offer unique opportunities to model motor impairments in stroke patients and to understand cortical control of motor tasks in such patients.
Abnormal Hemodynamics, Occlusion Site and Clinical Outcomes
Platelets play an important role in the pathogenesis of cerebral ischemia. This begins with aggregation of platelets following their activation. Moreover, platelet secretory products have been implicated in the evolution of stroke [62] . As shown in Fig. 1 , when the M2 segment of the MCA is permanently blocked with silk sutures (Fig. 1A) or a clot (Fig. 1B) , there is normal blood flow from the ICA to M1, and subsequent blood flow to the second branch of M2. Thus, a local perfusion defect will lead to focal ischemia and mild neurological deficit. However, when M1 segment is blocked with a clot (Fig. 1C) or a retrievable tool (Fig. 1D) , there is normal blood flow only from the ICA to the anterior cerebral artery and not to MCA branches, as expected. When reperfusion is achieved in these models using thrombolysis treatment or by the withdrawal of the tool, infarcts are primarily found at the putamen and internal capsule, supplied by the horizontal segment of MCA [48] . Fortunately, these 4 models discussed above meet all 3 criteria for an ideal NHP model, validating their use in research. However, researchers should keep in mind that unexpected abnormal hemodynamics may occur in rare cases. Figure 2 shows abnormal hemodynamics in an NHP model, caused by injecting a clot. Immediately after injection of a clot into the MCA, a perfusion deficit was initially observed in the proximal segment of the artery. However, 3 h later this clot extended into the ICA, blocking the perfusion of regions beyond the occluded ICA. As a result of the abnormal blockade of ICA, these NHPs will exhibit severe neurological impairments. Pathologically, these NHPs models exhibited cerebral edema, which was significant within 7 days following the onset of ischemia both in stroke patients and NHP models [26, 63] . Clinically, this time period correlated with a higher mortality rate in both humans and NHPs, giving us a deeper understanding of the implications of poststroke edema [26, 57] .
Lastly, it is important to note that although there are many reports on NHP models of stroke focusing in anterior cerebral circulation, those models almost exclusively focus on MCA occlusion. Only few studies reported vertebral artery or basilar artery occlusion models in NHPs with endovascular techniques. Based on reports from canine models, studies have found that vertebral or basilar artery occlusion models exhibited a severe and fatal neurological deficit, making it difficult to study the clinical and pathophysiological effects of such strokes [64] . Thus, there is a need to develop additional NHP models that can help simulate clinical consequences of vertebral and basilar artery strokes in human. International cooperation in preclinical stroke research, especially in NHPs models, is needed [65] .
Conclusions
Ischemic stroke is a complex and heterogeneous disorder that affects a large population in the world. Ischemic stroke is also a long-term pathologic process, and includes 3 phases: 1) acute, 2) subacute; and 3) chronic. Experimental models of ischemic stroke are valuable tools with which to analyze specific clinical, pathological, and morphological facets of stroke paralleling those in humans. Over the years, several NHPs stroke models have been developed using various different techniques. Each NHPs model has its own pros and cons, and thus we should select the appropriate NHPs model based on the goals of our study and outcomes we would like to measure and analyze in a preclinical context. Among other animal models, NHPs models provide the most valuable predictions for human trials due to the anatomical, immunological, and pathophysiological homology between NHPs and humans. As the mainstay of NHP scientific research and potential preclinical studies, M. fascicularis (cynomolgus monkey) and M. mulatta (rhesus monkey), and the clot method are recommended as preferred species and the appropriate method for testing human neuroprotectants in translational stroke studies, respectively [50, 66] .
